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LARGE-SCALE LIQUID HYDROGEN TANK RAPID CHILL AND FILL TESTING




OJàDBOU BTTFU UP UIFQBZMPBE DPNNVOJUZ)PXFWFS UIFVTFPG DSZPHFOJDVQQFS TUBHFT JONBOOFE
QSPHSBNTIBTCFFO MJNJUFE UP UIF4BUVSO"QPMMPQSPHSBNQSJNBSJMZEVF UP TBGFUZDPOTJEFSBUJPOT
JOWPMWJOH UIF GPSNFS 4IVUUMF 5SBOTQPSUBUJPO 4ZTUFN 5IFSF XBT UIF SJTL PG B ASFUVSO UP MBVODI
TJUFBCPSUXJUIBGVMMPSQBSUJBMMPBEPGDSZPHFOJDQSPQFMMBOUTJOUIFDBSHPCBZXIJDIDPVMEPWFS






















UJPOBMNPEFMTBOETQFDJàDBMMZ JODMVEFEUIF GPMMPXJOH UBOLQSFTTVSFBOEDIJMMEPXODIBSBDUFSJTUJDT












32.  TEST TANK AND SUPPORTING EQUIPMENT
 5FTUJOHXBTDPOEVDUFEBUUIF4USVDUVSBM5FTU'BDJMJUZ	45'
PGUIF.4'$8FTU5FTU"SFB





























Test Tank Insulation 
SOFI: 3.5 cm Thick 
MLI: 45 Layers
Tank Capacitance Probe


















2.1  Spray Bar
"TQSBZCBSTQFDJàDBMMZEFTJHOFEBOEGBCSJDBUFEGPSUIJTBQQMJDBUJPOCZ#PFJOH"FSPTQBDF





















EVSJOHàMM5IFáPXSBUF JOUP UIF.)5#UBOLXBTNPOJUPSFEVTJOHB GBDJMJUZáPXNFUFS UFSNFE












































LLI Continuous capacitance probe






736 in 91.44 cm 
9 in (22.86 cm) 
40 in (101.6 cm) 
112 in (284.48 cm)
Tank Top (100% Full) Reference
9 in (22.86 cm) 
9 in (22.86 cm) (Typical)
9 in (22.86 cm)  (Typical)
108 in (274.32 cm)





























8Profile No.1 (on back side)
Profile No. 2 (on back side)
Profile No. 3 (on back side)
Profile No. 6 (on back side) 






Profile No. 4Profile No. 5
0°
Lifting Eyes (4)
1ft 8 in (50.8 cm) 
1 ft 8 in (50.8 cm) 
1 ft 8 in (50.8 cm) 
1ft 8 in (50.8 cm) 
Leg No. 3 Leg No. 2
Tank Wall Temperatures (TW1–TW6)
Beginning 15.5 in (39.4 cm) Above Tank
Bottom Arc Length at –105°(1) SOFI Thickness at Profile Locations








1.5 in (3.81 cm)
1.34 in (3.40 cm) 
1.28 in (3.25 cm) 
1.13 in (2.87 cm) 
1.25 in (3.18 cm) 
1.52 in (3.86 cm) 
1.59 in (4.04 cm) 
Notes:
Series of TCs on MLI Layers to
Measure Temp Gradient Along Leg











6 in (15.24 cm) 
1 ft (30.48 cm)
Ø
 1 ft 8 in (50.8 cm)
'JHVSF.)5#UBOLXBMMUFNQFSBUVSFNFBTVSFNFOUQPTJUJPOT
93.  TEST FACILITY REQUIREMENTS AND PROCEDURES









3.2  Test Tank Conditioning 
 &MFDUSJDBMMZIFBUFEESZ(/2XBTVTFE UP DPOEJUJPO UIF.)5# UBOLBOEQSPWJEF UIF JOJ
UJBM UFNQFSBUVSF &BDI (/2 QVSHF PG UIF .)5# UBOL XBT GPMMPXFE CZ B ESZ ()2 purge to 




 %BUBXFSFSFDPSEFEUISPVHIPVU UIFFOUJSFPQFSBUJPOUPCBTFMJOF UIF JOJUJBM JOTUSVNFOUBOE
UFTUBSUJDMFDPOEJUJPOT"ESZ()2QVSHFGPMMPXFEFBDIUFTUVOUJMUIFUBOLXBMMTXFSFXBSNFOPVHIUP
QSFDMVEFDPOEFOTJOH(/2POUIFUBOLJOOFSXBMMT
3.3  Chill/Fill Requirements 
 5IFGBDJMJUZàMMTZTUFNXBTFRVJQQFEXJUIBCZQBTTWBMWFBTDMPTFUPUIF.)5#JOUFSGBDFBT














3.4  Vent Flow Measurement Requirements




3.5  Test Facility Controls








4.  INTEGRATED SYSTEM CHARACTERIZATION
 5IFQFSGPSNFEUFTUNBUSJYJTQSFTFOUFEJOUBCMF'JSTUBTFSJFTPGFJHIUUFTUTXBTDPOEVDUFE












(%)psia (kPa) psia (kPa)
Checkout
Tests
  1 LN2 cold shock ~0.3 99 N/A N/A N/A
  2 H+ 12 184 9.9 170 6
  3 H+ 11.9 183 9.8 169 31
  4 H+ 32.8 327 24.3 269 63
  5 H+ 32.8 327 24.4 270 99
  6 H+ 42.9 397 28.6 299 98
  7 H+!+
'J
42.9 397 28.2 296 98
  8 H+ 36.8 355 27.7 292 13
Performance
Tests
  9 H+ 44.9 411 26.6 285 91
10 H+!+
'J
44.9 411 27.2 289 90
11 H+ 44.8 410 27.4 290 90
12** H+!+
Q'J








44.8 410 26.2 282 (a) 90, (b) 79, 
(c) 90













































































GH2 Vent Flow Rate (lbm/s)
'JHVSF()2WFOUáPXSBUFWFSTVT.)5#VMMBHFQSFTTVSF

























5.1  Tank Wall Chilldown 
































































































































The droplet floats quietly 













































5.1.2  Bench Tests Conducted and Results
 "UPUBMPGUISFFUFTUTXFSFQFSGPSNFE5FTUT"BOE#XJUIJEFOUJDBMUFTUDPOEJUJPOTUPWFSJGZ
EBUBSFQFBUBCJMJUZBOEUFTU$UPEFNPOTUSBUFUIFFGGFDUJWFOFTTPGBUIJOJOTVMBUJOHDPBUJOHPODIJMM
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5.2.1  Fill Performance
 3FGFSSJOHUPUBCMFUISFFWFOUWBMWFDMPTVSFTFRVFODFTXFSFBUUFNQUFEEVSJOHUIFàSTUàWF












 *O UFTUT m UIF VMMBHF QSFTTVSFT JODSFBTFE SBQJEMZ 	BQQSPYJNBUFMZ m QTJT 
	m L1BT
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5IFO BT UIF UBOL TUSVDUVSBM DIJMMEPXO OFBST DPNQMFUJPO UIF WBQPSJ[BUJPO QSPDFTT EFDSFBTFT BOE






































































APPENDIX A—MULTIPURPOSE HYDROGEN TEST BED TANKING STATISTICS
 5IF.)5#UBOLJOHTUBUJTUJDTBSFGPVOEJOUBCMF
5BCMF5BOLJOHUBCMF







(kg)(in) (cm) (ft3) (m3)
0 0 0 0 100 0 0 0
0.5 1.27 0.05 0.0015 99.99 0.01 0.24 0.1087
1 2.54 0.22 0.0061 99.97 0.03 0.95 0.4324
1.5 3.81 0.48 0.0137 99.92 0.08 2.13 0.9673
2 5.08 0.85 0.0242 99.87 0.13 3.77 1.7098
2.5 6.35 1.33 0.0375 99.79 0.21 5.86 2.656
3 7.62 1.9 0.0537 99.7 0.3 8.38 3.8025
3.5 8.89 2.57 0.0727 99.6 0.4 11.34 5.1453
4 10.16 3.33 0.0944 99.48 0.52 14.73 6.6809
4.5 11.43 4.19 0.1187 99.34 0.66 18.53 8.4055
5 12.7 5.15 0.1457 99.2 0.8 22.74 10.3154
5.5 13.97 6.19 0.1753 99.03 0.97 27.35 12.4068
6 15.24 7.32 0.2073 98.85 1.15 32.36 14.6762
6.5 16.51 8.54 0.2419 98.66 1.34 37.74 17.1198
7 17.78 9.85 0.2788 98.46 1.54 43.51 19.7338
7.5 19.05 11.23 0.3181 98.24 1.76 49.64 22.5146
8 20.32 12.7 0.3597 98.01 1.99 56.13 25.4585
8.5 21.59 14.25 0.4035 97.77 2.23 62.97 28.5618
9 22.86 15.88 0.4495 97.52 2.48 70.15 31.8207
9.5 24.13 17.58 0.4977 97.25 2.75 77.67 35.2316
10 25.4 19.35 0.5480 96.97 3.03 85.52 38.7907
10.5 26.67 21.2 0.6003 96.68 3.32 93.68 42.4943
11 27.94 23.12 0.6546 96.38 3.62 102.16 46.3388
11.5 29.21 25.1 0.7109 96.07 3.93 110.94 50.3204
12 30.48 27.16 0.769 95.75 4.25 120.01 54.4354
12.5 31.75 29.28 0.829 95.42 4.58 129.37 58.6801
13 33.02 31.46 0.8907 95.08 4.92 139 63.0509
13.5 34.29 33.7 0.9542 94.73 5.27 148.91 67.5439
14 35.56 36 1.0193 94.37 5.63 159.08 72.1556
14.5 36.83 38.36 1.0861 94 6 169.5 76.8821
15 38.1 40.77 1.1545 93.62 6.38 180.16 81.7198
15.5 39.37 43.24 1.2243 93.24 6.76 191.06 86.665
28







(kg)(in) (cm) (ft3) (m3)
16 40.64 45.76 1.2957 92.84 7.16 202.19 91.714
16.5 41.91 48.32 1.3684 92.44 7.56 213.55 96.863
17 43.18 50.94 1.4425 92.03 7.97 225.11 102.1084
17.5 44.45 53.6 1.5179 91.62 8.38 236.88 107.4464
18 45.72 56.31 1.5946 91.19 8.81 248.84 112.8734
18.5 46.99 59.06 1.6724 90.76 9.24 261 118.3856
19 48.26 61.85 1.7515 90.33 9.67 273.33 123.9794
19.5 49.53 64.68 1.8316 89.88 10.12 285.83 129.651
20 50.8 67.55 1.9128 89.43 10.57 298.5 135.3967
20.5 52.07 70.45 1.9949 88.98 11.02 311.32 141.2128
21 53.34 73.39 2.078 88.52 11.48 324.29 147.0957
21.5 54.61 76.35 2.162 88.06 11.94 337.4 153.0415
22 55.88 79.35 2.2469 87.59 12.41 350.64 159.0467
22.5 57.15 82.37 2.3325 87.12 12.88 364 165.1074
23 58.42 85.42 2.4188 86.64 13.36 377.48 171.22
23.5 59.69 88.49 2.5059 86.16 13.84 391.06 177.3808
24 60.96 91.59 2.5935 85.67 14.33 404.74 183.5861
24.5 62.23 94.71 2.6818 85.19 14.81 418.51 189.8321
25 63.5 97.84 2.7705 84.7 15.3 432.36 196.1152
25.5 64.77 100.99 2.8598 84.2 15.8 446.29 202.4317
26 66.04 104.16 2.9494 83.71 16.29 460.28 208.7778
26.5 67.31 107.34 3.0394 83.21 16.79 474.32 215.1498
27 68.58 110.53 3.1298 82.71 17.29 488.42 221.5441
27.5 69.85 113.73 3.2204 82.21 17.79 502.56 227.9569
28 71.12 116.93 3.3112 81.71 18.29 516.73 234.3845
28.5 72.39 120.15 3.4021 81.21 18.79 530.92 240.8233
29 73.66 123.36 3.4932 80.7 19.3 545.14 247.2695
29.5 74.93 126.58 3.5843 80.2 19.8 559.36 253.7193
30 76.2 129.8 3.6755 79.7 20.3 573.58 260.1718
30.5 77.47 133.02 3.7666 79.19 20.81 587.8 266.6225
31 78.74 136.23 3.8577 78.69 21.31 602.02 273.0731
31.5 80.01 139.45 3.9489 78.19 21.81 616.24 279.5237
32 81.28 142.67 4.04 77.68 22.32 630.47 285.9743
32.5 82.55 145.89 4.1311 77.18 22.82 644.69 292.425
33 83.82 149.11 4.2222 76.68 23.32 658.91 298.8756
33.5 85.09 152.33 4.3134 76.17 23.83 673.13 305.3262
34 86.36 155.54 4.4045 75.67 24.33 687.35 311.7768
34.5 87.63 158.76 4.4956 75.17 24.83 701.57 318.2275
35 88.9 161.98 4.5868 74.66 25.34 715.79 324.6781
35.5 90.17 165.2 4.6779 74.16 25.84 730.01 331.1287











(kg)(in) (cm) (ft3) (m3)
36.5 92.71 171.63 4.8601 73.15 26.85 758.46 344.03
37 93.98 174.85 4.9513 72.65 27.35 772.68 350.4806
37.5 95.25 178.07 5.0424 72.15 27.85 786.9 356.9312
38 96.52 181.29 5.1335 71.64 28.36 801.12 363.3818
38.5 97.79 184.51 5.2247 71.14 28.86 815.34 369.8325
39 99.06 187.73 5.3158 70.64 29.36 829.56 376.2831
39.5 100.33 190.94 5.4069 70.13 29.87 843.78 382.7337
40 101.6 194.16 5.498 69.63 30.37 858 389.1843
40.5 102.87 197.38 5.5892 69.13 30.87 872.23 395.635
41 104.14 200.6 5.6803 68.62 31.38 886.45 402.0856
41.5 105.41 203.82 5.7714 68.12 31.88 900.67 408.5362
42 106.68 207.03 5.8626 67.62 32.38 914.89 414.9868
42.5 107.95 210.25 5.9537 67.11 32.89 929.11 421.4375
43 109.22 213.47 6.0448 66.61 33.39 943.33 427.8881
43.5 110.49 216.69 6.1359 66.11 33.89 957.55 434.3387
44 111.76 219.91 6.2271 65.6 34.4 971.77 440.7893
44.5 113.03 223.13 6.3182 65.1 34.9 986 447.24
45 114.3 226.34 6.4093 64.6 35.4 1000.22 453.6906
45.5 115.57 229.56 6.5005 64.09 35.91 1014.44 460.1412
46 116.84 232.78 6.5916 63.59 36.41 1028.66 466.5918
46.5 118.11 236 6.6827 63.09 36.91 1042.88 473.0425
47 119.38 239.22 6.7738 62.58 37.42 1057.1 479.4931
47.5 120.65 242.43 6.865 62.08 37.92 1071.32 485.9437
48 121.92 245.65 6.9561 61.58 38.42 1085.54 492.3943
48.5 123.19 248.87 7.0472 61.07 38.93 1099.76 498.845
49 124.46 252.09 7.1384 60.57 39.43 1113.99 505.2956
49.5 125.73 255.31 7.2295 60.07 39.93 1128.21 511.7462
50 127 258.53 7.3206 59.56 40.44 1142.43 518.1968
50.5 128.27 261.74 7.4117 59.06 40.94 1156.65 524.6475
51 129.54 264.96 7.5029 58.56 41.44 1170.87 531.0981
51.5 130.81 268.18 7.594 58.05 41.95 1185.09 537.5487
52 132.08 271.4 7.6851 57.55 42.45 1199.31 543.9993
52.5 133.35 274.62 7.7763 57.05 42.95 1213.53 550.45
53 134.62 277.83 7.8674 56.54 43.46 1227.76 556.9006
53.5 135.89 281.05 7.9585 56.04 43.96 1241.98 563.3512
54 137.16 284.27 8.0496 55.54 44.46 1256.2 569.8018
54.5 138.43 287.49 8.1408 55.03 44.97 1270.42 576.2525
55 139.7 290.71 8.2319 54.53 45.47 1284.64 582.7031
55.5 140.97 293.93 8.323 54.03 45.97 1298.86 589.1537
56 142.24 297.14 8.4142 53.52 46.48 1313.08 595.6043











(kg)(in) (cm) (ft3) (m3)
57 144.78 303.58 8.5964 52.52 47.48 1341.53 608.5056
57.5 146.05 306.8 8.6875 52.01 47.99 1355.75 614.9562
58 147.32 310.02 8.7787 51.51 48.49 1369.97 621.4068
58.5 148.59 313.23 8.8698 51.01 48.99 1384.19 627.8575
59 149.86 316.45 8.9609 50.5 49.5 1398.41 634.3081
59.5 151.13 319.67 9.0521 50 50 1412.63 640.7587
60 152.4 322.89 9.1432 49.5 50.5 1426.85 647.2093
60.5 153.67 326.11 9.2343 48.99 51.01 1441.07 653.66
61 154.94 329.33 9.3254 48.49 51.51 1455.29 660.1106
61.5 156.21 332.54 9.4166 47.99 52.01 1469.52 666.5612
62 157.48 335.76 9.5077 47.48 52.52 1483.74 673.0118
62.5 158.75 338.98 9.5988 46.98 53.02 1497.96 679.4625
63 160.02 342.2 9.69 46.48 53.52 1512.18 685.9131
63.5 161.29 345.42 9.7811 45.97 54.03 1526.4 692.3637
64 162.56 348.63 9.8722 45.47 54.53 1540.62 698.8143
64.5 163.83 351.85 9.9633 44.97 55.03 1554.84 705.265
65 165.1 355.07 10.0545 44.46 55.54 1569.06 711.7156
65.5 166.37 358.29 10.1456 43.96 56.04 1583.29 718.1662
66 167.64 361.51 10.2367 43.46 56.54 1597.51 724.6168
66.5 168.91 364.73 10.3278 42.95 57.05 1611.73 731.0675
67 170.18 367.94 10.419 42.45 57.55 1625.95 737.5181
67.5 171.45 371.16 10.5101 41.95 58.05 1640.17 743.9687
68 172.72 374.38 10.6012 41.44 58.56 1654.39 750.4193
68.5 173.99 377.6 10.6924 40.94 59.06 1668.61 756.87
69 175.26 380.82 10.7835 40.44 59.56 1682.83 763.3206
69.5 176.53 384.03 10.8746 39.93 60.07 1697.06 769.7712
70 177.8 387.25 10.9657 39.43 60.57 1711.28 776.2218
70.5 179.07 390.47 11.0569 38.93 61.07 1725.5 782.6725
71 180.34 393.69 11.148 38.42 61.58 1739.72 789.1231
71.5 181.61 396.91 11.2391 37.92 62.08 1753.94 795.5737
72 182.88 400.13 11.3303 37.42 62.58 1768.16 802.0243
72.5 184.15 403.34 11.4214 36.91 63.09 1782.38 808.475
73 185.42 406.56 11.5125 36.41 63.59 1796.6 814.9256
73.5 186.69 409.78 11.6036 35.91 64.09 1810.82 821.3762
74 187.96 413 11.6948 35.4 64.6 1825.05 827.8268
74.5 189.23 416.22 11.7859 34.9 65.1 1839.27 834.2775
75 190.5 419.43 11.877 34.4 65.6 1853.49 840.7281
75.5 191.77 422.65 11.9682 33.89 66.11 1867.71 847.1787
76 193.04 425.87 12.0593 33.39 66.61 1881.93 853.6293
76.5 194.31 429.09 12.1504 32.89 67.11 1896.15 860.08











(kg)(in) (cm) (ft3) (m3)
77.5 196.85 435.53 12.3327 31.88 68.12 1924.59 872.9812
78 198.12 438.74 12.4238 31.38 68.62 1938.82 879.4318
78.5 199.39 441.96 12.5149 30.87 69.13 1953.04 885.8824
79 200.66 445.18 12.6061 30.37 69.63 1967.26 892.3331
79.5 201.93 448.4 12.6972 29.87 70.13 1981.48 898.7837
80 203.2 451.62 12.7883 29.36 70.64 1995.7 905.2343
80.5 204.47 454.83 12.8794 28.86 71.14 2009.92 911.6849
81 205.74 458.05 12.9706 28.36 71.64 2024.14 918.1356
81.5 207.01 461.27 13.0617 27.85 72.15 2038.36 924.5862
82 208.28 464.49 13.1528 27.35 72.65 2052.58 931.0368
82.5 209.55 467.71 13.244 26.85 73.15 2066.81 937.4874
83 210.82 470.93 13.3351 26.34 73.66 2081.03 943.9381
83.5 212.09 474.14 13.4262 25.84 74.16 2095.25 950.3887
84 213.36 477.36 13.5173 25.34 74.66 2109.47 956.8393
84.5 214.63 480.58 13.6085 24.83 75.17 2123.69 963.2899
85 215.9 483.8 13.6996 24.33 75.67 2137.91 969.7406
85.5 217.17 487.02 13.7907 23.83 76.17 2152.13 976.1912
86 218.44 490.23 13.8819 23.32 76.68 2166.35 982.6418
86.5 219.71 493.45 13.973 22.82 77.18 2180.58 989.0924
87 220.98 496.67 14.0641 22.32 77.68 2194.8 995.5431
87.5 222.25 499.89 14.1552 21.81 78.19 2209.02 1001.9937
88 223.52 503.11 14.2464 21.31 78.69 2223.24 1008.4443
88.5 224.79 506.33 14.3375 20.8 79.2 2237.46 1014.8949
89 226.06 509.54 14.4286 20.3 79.7 2251.68 1021.3456
89.5 227.33 512.76 14.5198 19.8 80.2 2265.9 1027.7962
90 228.6 515.98 14.6108 19.3 80.7 2280.12 1034.2433
90.5 229.87 519.19 14.7019 18.79 81.21 2294.33 1040.6895
91 231.14 522.41 14.7929 18.29 81.71 2308.52 1047.1282
91.5 232.41 525.61 14.8837 17.79 82.21 2322.69 1053.5559
92 233.68 528.81 14.9743 17.29 82.71 2336.83 1059.9687
92.5 234.95 532 15.0646 16.79 83.21 2350.93 1066.363
93 236.22 535.18 15.1546 16.29 83.71 2364.98 1072.735
93.5 237.49 538.35 15.2443 15.8 84.2 2378.97 1079.0811
94 238.76 541.5 15.3335 15.3 84.7 2392.89 1085.3976
94.5 240.03 544.63 15.4223 14.81 85.19 2406.74 1091.6807
95 241.3 547.75 15.5105 14.33 85.67 2420.51 1097.9267
95.5 242.57 550.84 15.5982 13.84 86.16 2434.19 1104.132
96 243.84 553.92 15.6852 13.36 86.64 2447.78 1110.2928
96.5 245.11 556.97 15.7716 12.88 87.12 2461.25 1116.4054
97 246.38 559.99 15.8572 12.41 87.59 2474.61 1122.4661











(kg)(in) (cm) (ft3) (m3)
98 248.92 565.95 16.026 11.48 88.52 2500.96 1134.4171
98.5 250.19 568.89 16.1091 11.02 88.98 2513.93 1140.3
99 251.46 571.79 16.1913 10.57 89.43 2526.75 1146.1161
99.5 252.73 574.66 16.2724 10.12 89.88 2539.42 1151.8618
100 254 577.49 16.3526 9.67 90.33 2551.92 1157.5334
100.5 255.27 580.28 16.4316 9.24 90.76 2564.26 1163.1272
101 256.54 583.03 16.5095 8.81 91.19 2576.41 1168.6394
101.5 257.81 585.73 16.5861 8.38 91.62 2588.37 1174.0664
102 259.08 588.4 16.6615 7.97 92.03 2600.14 1179.4044
102.5 260.35 591.01 16.7356 7.56 92.44 2611.71 1184.6498
103 261.62 593.58 16.8084 7.16 92.84 2623.06 1189.7988
103.5 262.89 596.1 16.8797 6.76 93.24 2634.19 1194.8478
104 264.16 598.57 16.9496 6.38 93.62 2645.09 1199.793
104.5 265.43 600.98 17.0179 6 94 2655.76 1204.6307
105 266.7 603.34 17.0847 5.63 94.37 2666.18 1209.3572
105.5 267.97 605.64 17.1498 5.27 94.73 2676.34 1213.9689
106 269.24 607.88 17.2133 4.92 95.08 2686.25 1218.4619
106.5 270.51 610.06 17.2751 4.58 95.42 2695.88 1222.8327
107 271.78 612.18 17.335 4.25 95.75 2705.24 1227.0774
107.5 273.05 614.23 17.3932 3.93 96.07 2714.31 1231.1924
108 274.32 616.22 17.4494 3.62 96.38 2723.09 1235.174
108.5 275.59 618.14 17.5037 3.32 96.68 2731.57 1239.0185
109 276.86 619.99 17.556 3.03 96.97 2739.73 1242.7221
109.5 278.13 621.76 17.6063 2.75 97.25 2747.58 1246.2812
110 279.4 623.46 17.6545 2.48 97.52 2755.1 1249.6921
110.5 280.67 625.09 17.7005 2.23 97.77 2762.28 1252.951
111 281.94 626.64 17.7444 1.99 98.01 2769.13 1256.0543
111.5 283.21 628.11 17.786 1.76 98.24 2775.62 1258.9981
112 284.48 629.49 17.8253 1.54 98.46 2781.75 1261.779
112.5 285.75 630.8 17.8622 1.34 98.66 2787.51 1264.393
113 287.02 632.02 17.8967 1.15 98.85 2792.9 1266.8366
113.5 288.29 633.15 17.9288 0.97 99.03 2797.9 1269.106
114 289.56 634.19 17.9583 0.8 99.2 2802.51 1271.1974
114.5 290.83 635.15 17.9853 0.66 99.34 2806.72 1273.1073
115 292.1 636.01 18.0097 0.52 99.48 2810.52 1274.8319
115.5 293.37 636.77 18.0313 0.4 99.6 2813.91 1276.3675
116 294.64 637.44 18.0503 0.3 99.7 2816.87 1277.7103
116.5 295.91 638.01 18.0665 0.21 99.79 2819.4 1278.8567
117 297.18 638.49 18.0799 0.13 99.87 2821.48 1279.803
117.5 298.45 638.86 18.0904 0.08 99.92 2823.12 1280.5455











(kg)(in) (cm) (ft3) (m3)
118.5 300.99 639.28 18.1025 0.01 99.99 2825.01 1281.4041




APPENDIX B—CHILL/FILL INSTRUMENTATION LIST
 5IF"464GBDJMJUZNFBTVSJOHTUBUJTUJDTBSFMJTUFEJOUBCMF
5BCMF*OTUSVNFOUBUJPOMJTU
MID Description Low High Units SIU CH
Manufac-
turer Model No. S/N
RTD 
Info CAL Due FAP 
NASA 
CAL MRCF#
31P039 Test Article Inlet Pressure 0 200 PSIG 0 1 SENSOTEC 134MB250D 18772 2.5” 03/11/01 07/05/00 M626678 3,8,
31T037 Test Article Inlet Tem-
perature
-424 100 DEG F 0 2 RTD, ROSE-
MONT
150BD32 2549 4” 03/14/01 07/10/00 M636743 2,8,
31P042 *_"`=j** 0 50 PSIG 0 5 STELLAR GT200-50G-104 930257 05/11/02 07/05/00 M631362 8,
31P003 Test Article Vent Pressure 0 50 PSIG 0 3 TELEDYNE 
TABER
254 781295 02/08/01 06/22/00 M641701 8,
31T041 Test Article Vent Line 
Temperature
-424 100 DEG F 0 4 RTD, ROSE-
MONT
150BD48 2734 6” 04/12/01 07/10/00 M624861 2,
31P008 Test Article Drain Line U/S 
VPV-3107
0 200 PSIG 0 8 STELLAR GT200-200G-115 986776 10/15/00 06/22/00 8,
31T009 Test Article Drain Line U/S 
VPV-3107
-424 100 DEG F 0 9 ROSE-
MOUNT 
ENG.
150HF32 3261 4” 07/29/00 07/10/00 M629619 8,9,
31P010 Fill Line Filter F-3104 0 5 PSID 0 10 STATHAM PM385TC+5-350 93 09/15/00 07/05/00 M640319 8,
31T011 Down Stream ROV3119 
Temperature
-424 100 DEG F 0 11 OMEGA TYPE “E” T/C, 
6X1/8 
N/A 4”x6” VJ N/A 07/05/00 N/A 8,
31P012 Down Stream ROV3119 
Pressure
0 200 PSIG 0 12 STELLAR GT200-200G-115 986769 10/15/00 07/05/00 8,
31P017 '=
U/S ROV-31161 Pressure
0 200 PSIG 0 17 TELEDYNE 
TABER




-424 100 DEG F 0 18 OMEGA TYPE “E” T/C 6X1/8 N/A -= N/A 07/05/00 N/A 8,
31P024 '=`=
Pressure
0 200 PSIG 0 22 STELLAR GT200-200G-115 986775 10/15/00 07/05/00 M640036 8,
35P001 Test Article Pressurant 
Y
0 200 PSIS 0 24 TELEDYNE 
TABER
226 890946 10/22/00 06/22/00 M640397 8,
35P002 '=j**
Y
0 1000 PSIG 0 25 STELLAR GT200-1000G-115 986806 03/30/02 07/05/00 M640793 1,8,
36P001 Environmental Enclosure 
j=
0 1000 PSIG 0 26 STELLAR GT200-1000S-115 951770 09/14/01 07/05/00 M630581 8,
36P006 QjYj** 0 5000 PSIS 0 31 TELEDYNE 
TABER
2105 902145 04/04/02 06/22/00 M635988 8,
31P031 Test Article Vent Pressure 0 50 PSIS 0 37 TELEDYNE 
TABER
254 781248 05/11/02 07/12/00 M638034 6,9,
T4630  SIU Room Temperature 
- B4630
32 100 DEG F 0 40 OMEGA TYPE “E” T/C, 
6X1/8
N/A N/A 07/20/00 N/A 10,
31T036 Test Article Inlet Tem-
perature
-424 100 DEG F 0 41 RTD, ROSE-
MONT
134MB250D 18770 2.5” 03/11/01 07/10/00 M626699 1,3,8,

MID Description Low High Units SIU CH
Manufac-
turer Model No. S/N
RTD 
Info CAL Due FAP 
NASA 
CAL MRCF#
31T033 Flowmeter D/S Temperature -424 100 DEG F 0 42 RTD, ROSE-
MONT
150BD48 2188 6” 03/16/01 07/10/00 M627372 1,8,
31T051 '=-
perature
-424 100 DEG F 0 44 RTD, 
OMEGA
PR-13-2-100-24-E  24” 09/07/01 09/27/00 M646957  
31T049 MHTB Drain Line Tem-
perature
-424 100 DEG F 0 45 OMEGA Y! -= 07/20/00 10,




640558 09/28/00 07/25/00 M642757 10,
31P050 '=
Pressure
0 2 PSID 0 47 STELLAR DT400-2BD-101 941217 07/28/01 08/03/00 M628186
31P035 Flowmeter D/S Pressure 0 200 PSIG 0 48 SENSOTEC Z/C438-02 633692 05/03/02 07/05/00 M645599 1,8,
31P034 Flowmeter U/S Pressure 0 200 PSIG 0 49 SENSOTEC Z/C438-02 633674 05/03/02 07/05/00 M645595 1,8,
31P038 Test Article Inlet Pressure 0 200 PSIG 0 50 SENSOTEC Z/C438-02 633694 05/04/02 07/06/00 M645601 1,8,
31P046 OR-31114 U/S Pressure 0 50 PSIS 0 51 Taber 254 921152 07/26/01 09/14/00 M623259 1,8,
31P048 OR-31114 Delta Pressure 0 PSID 0 52
31P047 OR-31114 D/S Pressure 0 50 PSIS 0 53 TELEDYNE 
TABER
254 781293 07/26/01 09/14/00 M628975 1,8,
31T045 OR-31114 D/S Temperature -424 100 DEG F 0 55 ROSE-
MOUNT 
ENG.
134RN68 20709 8.5” 03/24/01 09/12/00 M622427 1,9,
31T052 Vent Line Surface Tem-
perature
-424 100 DEG F 0 56 OMEGA Y!
Temp
N/A N/A 07/20/00 N/A 10,
31T053 Vent Line Surface Tem-
perature
-424 100 DEG F 0 57 OMEGA Y!
Temp
N/A N/A 07/21/00 N/A 10,
31T016 GH2 Vent Line (near HCF) -424 100 DEG F 0 58 OMEGA Y!! N/A N/A 07/21/00 N/A 10,
31T040 Test Article Vent Tem-
perature
-424 100 DEG F 0 59 RTD, ROSE-
MONT
150BD48 2209 6” 04/12/01 07/10/00 M624855 1,8,
36P007 Q-Y
Pressure
0 6000 PSIG 0 60 STELLAR GT200-6000G-115 962926 04/09/01 07/05/00 M633036 1,8,
36P008 Q-=
Panel Outlet Pressure
0 200 PSIG 0 61 STELLAR GT200-200G-115 986773 08/17/02 09/26/00 M640821 1,8,
31P019 Test Article Differential 
Pressure
0 2 PSID 0 62 STATHAM TP-A-1064-EX 91 04/24/02 07/05/00 M629981 1,8,
31P043 *_"`=j** 0 50 PSIS 0 63 TELEDYNE 
TABER
254 761560 07/26/01 07/12/00 M643345 6,9,
Dew1 Dewpoint -68 78 DEG F 0 64 VAISALA DMP248 06/15/01 07/14/00 N/A 4,9,
35T003 '=j**
Y
32 100 DEG F 0 6 OMEGA TYPE “E” T/C, 
6X1/8
N/A N/A 07/20/00 N/A 1,10,
31T054 RV31111 DownStream Skin 
Temperature
-424 100 DEG F 0 14 OMEGA Y!
Temp
N/A N/A 07/20/00 N/A 3,10,
31T055 RV31111 DownStream Skin 
Temperature
-424 100 DEG F 0 15 OMEGA Y!
Temp
N/A N/A 07/20/00 N/A 3,4,10,
31T056 RV31061 DownStream Skin 
Temperature
-424 100 DEG F 0 16 OMEGA Y!
Temp
N/A N/A 07/20/00 N/A 3,4,10,
31V3107 ''+-"H'=
Parameter
0 100 PCNT 0 28 N/A N/A N/A N/A 07/27/00 N/A 4,14,
31V3126 ''+-"H'=
Parameter
0 199 PCNT 0 29 N/A N/A N/A N/A 07/27/00 N/A 4,14,
35V3513 ''+-"H'=
Parameter




MID Description Low High Units SIU CH
Manufac-
turer Model No. S/N
RTD 





0 100 PCNT 0 32 N/A N/A N/A N/A 07/27/00 N/A 4,14,
31P028 ''+-"H'=
Parameter
0 50 PSIG 0 34 N/A N/A N/A N/A 07/27/00 N/A 4,14,
31P029 ''+-"H'=
Parameter
0 50 PSIG 0 35 N/A N/A N/A N/A 07/27/00 N/A 4,14,
31P030 ''+-"H'=
Parameter
0 100 PCNT 0 36 N/A N/A N/A N/A 07/27/00 N/A 4,14,
31V3112 ''+-"H'=
Parameter
0 100 PCNT 0 38 N/A N/A N/A N/A 07/27/00 N/A 4,14,
35V3510 ''+-"H'=
Parameter
0 100 PCNT 0 39 N/A N/A N/A N/A 07/27/00 N/A 4,5,14,
31C3107 ''+-"H'=
Parameter
0 100 PCNT 0 19 N/A N/A N/A N/A 07/27/00 N/A 5,14,
31C3112 ''+-"H'=
Parameter
0 100 PCNT 0 20 N/A N/A N/A N/A 07/27/00 N/A 5,14,
31C3126 ''+-"H'=
Parameter
0 100 PCNT 0 21 N/A N/A N/A N/A 07/27/00 N/A 5,14,
35C3510 ''+-"H'=
Parameter
0 100 PCNT 0 65 N/A N/A N/A N/A 07/27/00 N/A 5,14,
35C3513 ''+-"H'=
Parameter





-425 100 DEG F 0 124 OMEGA Y!! N/A N/A 07/05/00 N/A 7,10,
31P023 ''+-"H'=
Parameter
0 50 PSIG 0 67 N/A N/A N/A N/A 07/27/00 N/A 14,
36T009 *_"j=
Temperature
-424 100 DEG F 0 68 OMEGA Y!! N/A N/A 07/25/00 N/A 10,
36P004 !j=`!j** 0 200 PSIS 0 69 STATHAM PG752TC-200-350 59 09/10/00 07/25/00 M627128 10,
31V3105 ''+-"H'=
Parameter
0 100 PCNT 0 125 N/A N/A N/A N/A 08/10/00 N/A 11,14,
31C3105 ''+-"H'=
Parameter




APPENDIX C—INSTRUMENTATION IN THE MULTIPURPOSE HYDROGEN TEST BED 
UPPER DOME REGION
 5IF.)5# UFTU BSUJDMFXBT FTUBCMJTIFE QSJNBSJMZ GPS WBDVVN DIBNCFS UFTUJOH PG WBSJPVT









C.1  Vent Penetration Instrumentation





























































APPENDIX D—CHILL/FILL TEST FACILITY REQUIREMENTS
 5IFGBDJMJUZQVSHFTZTUFNTXJMMCFVTFEUPQSPWJEFTQFDJàDHBTUZQFT	(/2 and air) and pres
TVSFBOE UFNQFSBUVSFDPOEJUJPOT UP UIF JOUFSOBM GBDJMJUZWPMVNF5IFTFDPOEJUJPOTXJMMCFVTFE UP
FTUBCMJTIBTBGFFOWJSPONFOUBOEVOJGPSNJOJUJBMDPOEJUJPOTGPSUIFUFTUBSUJDMF6OJOTVMBUFE.)5#
UBOLTVSGBDFTBOEMJOFTXJMMCFCBHHFEBOEQVSHFEUPQSFWFOUMPDBMDPOEFOTBUJPO






















































D.5  Tank Environmental Conditions Requirements
 5IFUFNQFSBUVSFIFBUMPBEBOEQSFTTVSFSFRVJSFNFOUTBSFBTGPMMPXT
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